The field which yields the propagator proposed in a previous paper is quantized. Various invariant functions are obtained and discussed briefly. The unitary scattering matrix is defined as a transformation in the physical subspace of the Fock space expanded by the state vectors. § 1. Introduction
In a previous paper 1 ) (which we cite as I hereafter) we proposed a new propagator intending to construct a convergent field theory. This propagator includes necessarily complex masses, but has no difficulty related with negative norm, indefinite metric, causality, etc. The theory with this propagator has no divergent quantity, and therefore ambiguousness associated with the divergence is excluded. In paper I we gave only the form of the propagator, and did not consider the field that yields the propagator. In this paper we want to give a free field equation for the field and to quantize the field. In this case we cannot use the canonical quantization, because the field equation includes higher derivatives with respect to time. The quantization here means, therefore, to assume the commutation relation between the creation and annihilation operators. According to this quantization we obtain various invariant functions, the properties of which we discuss briefly. At the same time we show that the propagator of the field coincides with what we proposed in I( § § 2, 3).
In the next section ( § 4) we define the scattering matrix. From the solution of the field equation we see that there must be many states vectors to which we cannot give any physical meaning. Therefore the physical states expand a subspace in the Fock space expanded by the new state vectors. The scattering matrix is defined so as to be unitary as a transformation in the physical subspace. In other words the initial and final states are set to be physical, but the intermediate states could be unphysical as well as physical. The most important effect of the unphysical state is that a part of the propagator which corresponds to this unphysical state suppresses the divergence originating from the physical states. § 2. Quantization of the neutral scalar field
In this section we quantize the neutral scalar field as a simple example. As we do not follow the usual canonical quantization, it has no great meaning to give the Lagrangian. Therefore we write down simply the field equation, and assume some commutation relations between the coefficients in the solution of the equation. Using these relations we calculate invariant functions, and find that the propagator obtained here coincides with what we proposed in the previous paper I.
Let ¢ (x) be the neutral scalar field, and satisfy the following free field equation:
The solution of this equation is written as
where w 0 and w 1 are given by
It has to be noticed that
Now we assume the following commutation relations:
[other combinations]= 0.
Using the above commutation relations, we have
*)The metric here is g 00 =-gii=1 and is different from that of I. When we cite the equations in I, we write them down with the new metric.
I-1. Yamanwto
The integral path c+ is shown in Fig. 1 . In the same way we obtain
.
Therefore we see
The properties of the functions J±' (x) and L1' (x) are different from the well known functions J± (x) and L1 (x). For example .:
diverges for x 0 = -oo, J __ ' (x) for x 0 = + oo and J' (x) for x 0 = ± oo. This means that they cannot have any physical meaning. Therefore we do not mention in detail anymore but summarize the properties.
(n = 0, 1, 2, .. ·) The physically interesting function is the propagator defined by
where we assumed 
where the integral path c 1 ,, is given in Fig. 2 . \iV e see that the propagator IS just the same as what we have given in the previous paper I. *l As is mentioned in I .d_,/ (x) does not diverge for x 0 = ± oo and satisfies the propagation character (macrocausality).
Other physically interesting functions are defined by .
d'c(x)==(2rri cd4pe-tpc-r: -(j)2-~2)-(p4+p.4)
with the new metric, where c in 1 is the same path as cp in this paper. The difference between Ll' F and Ll' c is only numerical factor. § 3. Quantization of the spinor field
The quantization of the spinor field is not different from that of the scalar field essentially, but it seems complicated on account of the freedom. Let cjJ (x) be the spinor which satisfies 2 ) (3·1)
The solution of the equation is expressed in the following form:
Similarly the adjoint spinor (jJ (x) = cj;* (x) ro satisfies (3·3) for satisfying the conditions (3 · S). Equation (3 ·Sa) is the same condition as (3 · Sb) and (3 · Sc) is also as (3 · Sd). In fact an arbitrary matrix is written as follows:
C' a12 a1s a21 a22 a2s as1 as2 ass a41 a42 a4s a, a., a. , a,.) a, a., a. , a, . ) + ( 1) (a., a., a., a.,) . 
II. Yamamoto
Now -vve assume the follov.ring commutation relations:
{other combinations}= 0.
We separate <j J (x) and (/; (x) into two parts respectively, 
It must be noticed that and
The following commutation relations are easily verified:
2 ),
If we define the vacuum I 0) by we see We have seen in the foregoing sections that the solutions (2 · 2) and (3 · 2)
of the fundamental free equations (2 ·1) and (3 ·1) diverge for lx 0 l-->oo. Therefore the scattering matrix seems to be no more unitary. In this section we want to show the possibility to define the unitary, convergent and therefore physical S-matrix. For simplicity we deal with only the neutral scalar field. As the vacuum is defined by Eq. (2 ·12), the ortho-normal set of state vectors are The projection operator to the physical state is easily understood to have the form them is probably the selfconsistent method. In a forthcoming paper we will apply this theory to the quantum electrodynamics and -vvill calculate the Lamb shift.
